In the healthy animal lung, high-frequency oscillatory ventilation (HFOV) achieves effective ventilation at tidal volumes (V T ) less than or equal to dead space while generating very small pressure fluctuations in the alveolar spaces (⌬P A ). We hypothesized that the respiratory mechanical parameters influence the magnitude of the intrapulmonary pressure fluctuations during HFOV. A computer model of the neonatal respiratory system was used to examine the independent effects of altering the compliance, nonlinear and linear resistance, and inertance of the respiratory system on V T , and cyclic intrapulmonary pressures under homogeneous and heterogeneous conditions. The impact of low compliance on the transmission of pressure from the airway opening to the trachea (⌬P tr /⌬P ao ) and alveolar compartment (⌬P A /⌬P ao ) during HFOV was determined in a preterm lamb lung model. In the computer model, an increase in flow-dependent resistance to simulate changing the internal diameter of the tracheal tube from 4.0 mm to 2.5 mm halved the transmission of the pressure waveform to both the carina and the alveolar compartment. Increased peripheral resistance was associated with an increased ⌬P tr /⌬P ao but a reduction in ⌬P A /⌬P ao . The ⌬P A /⌬P ao also decreased with increasing alveolar compartment compliance, a finding that was verified in the preterm lamb lung. There was an exponential decrease in the magnitude of ⌬P A1 compared with ⌬P A2 as the ratio of the time constants of the two parallel compartments ( 1 / 2 ) increased in the heterogeneous computer lung model. The transmission of driving pressure amplitude to both the proximal airways and lung tissue during HFOV is dependent on lung mechanics and may be greater in the poorly compliant lung than that One of the purported advantages of HFOV is the achievement of adequate gas exchange at low intrapulmonary pressure amplitudes and V T . At least in theory, HFOV should reduce the potential barotrauma and volutrauma that are commonly associated with more conventional ventilatory modalities and which may be vitally important in the structurally and functionally immature preterm lung. The experimental evidence supporting the generation of small ⌬P A during HFOV was obtained in healthy adult rabbits (1) and excised adult dog lungs (2). Only one study has obtained direct measurements of ⌬P A in both a normal and abnormal lung model (3). Although Received December 31, 2001; accepted March 26, 2002 
In the healthy animal lung, high-frequency oscillatory ventilation (HFOV) achieves effective ventilation at tidal volumes (V T ) less than or equal to dead space while generating very small pressure fluctuations in the alveolar spaces (⌬P A ). We hypothesized that the respiratory mechanical parameters influence the magnitude of the intrapulmonary pressure fluctuations during HFOV. A computer model of the neonatal respiratory system was used to examine the independent effects of altering the compliance, nonlinear and linear resistance, and inertance of the respiratory system on V T , and cyclic intrapulmonary pressures under homogeneous and heterogeneous conditions. The impact of low compliance on the transmission of pressure from the airway opening to the trachea (⌬P tr /⌬P ao ) and alveolar compartment (⌬P A /⌬P ao ) during HFOV was determined in a preterm lamb lung model. In the computer model, an increase in flow-dependent resistance to simulate changing the internal diameter of the tracheal tube from 4.0 mm to 2.5 mm halved the transmission of the pressure waveform to both the carina and the alveolar compartment. Increased peripheral resistance was associated with an increased ⌬P tr /⌬P ao but a reduction in ⌬P A /⌬P ao . The ⌬P A /⌬P ao also decreased with increasing alveolar compartment compliance, a finding that was verified in the preterm lamb lung. There was an exponential decrease in the magnitude of ⌬P A1 compared with ⌬P A2 as the ratio of the time constants of the two parallel compartments ( 1 / 2 ) increased in the heterogeneous computer lung model. The transmission of driving pressure amplitude to both the proximal airways and lung tissue during HFOV is dependent on lung mechanics and may be greater in the poorly compliant lung than that observed previously in experiments on healthy animals. (Pediatr Res 52: 538-544, 2002) Abbreviations ⌬P A , amplitude of oscillatory pressure waveform in the alveolar compartment ⌬P ao , amplitude of oscillatory pressure waveform in the trachea ⌬P tr , amplitude of oscillatory pressure waveform in the trachea C, total compliance of parallel alveolar compartments C 1 , C 2 , compliance of independent parallel compartments C g , compliance of central airways, including gas compressibility C ti , tissue compliance in ovine lung model G, coefficient of tissue damping H, coefficient of tissue elasticity HFOV, high-frequency oscillatory ventilation I, inertance of central airways ID, internal diameter of tracheal tube MAwP, mean airway pressure (as measured and displayed by ventilator) R 1 , R 2 , resistance of first and second parallel compartments R c , resistance of central airways R p , total resistance of parallel compartments R TT , tracheal tube resistance TT, tracheal tube V T , tidal volume , time constant ( ϭ resistance ϫ compliance)
One of the purported advantages of HFOV is the achievement of adequate gas exchange at low intrapulmonary pressure amplitudes and V T . At least in theory, HFOV should reduce the potential barotrauma and volutrauma that are commonly associated with more conventional ventilatory modalities and which may be vitally important in the structurally and functionally immature preterm lung. The experimental evidence supporting the generation of small ⌬P A during HFOV was obtained in healthy adult rabbits (1) and excised adult dog lungs (2) . Only one study has obtained direct measurements of ⌬P A in both a normal and abnormal lung model (3) . Although the primary focus of that study was to determine whether ventilation settings could be optimized during HFOV, Kamitsuka et al. (3) made an incidental observation that higher alveolar pressure amplitudes were observed during HFOV in rabbits after saline lung lavage than in the nonlavage group. Further evidence to support their observations has come from recent theoretical (4) and in vitro (5) studies that have shown lung compliance to be a major factor determining pressure transmission to both the lung model compartment (5) and to the end of the TT (4) . No theoretical or in vivo studies, however, have systematically explored the effect that respiratory disease may have on the transmission of pressure amplitude to both the trachea and parenchyma during effective ventilation with HFOV.
Although HFOV has shown clear short-term advantages in the achievement of more efficient ventilation and rapid weaning of fraction of inspired oxygen (FiO 2 ) (6-9), efficacy in reducing the incidence of chronic lung disease has only proved to be statistically significant when meta-analysis is confined to trials employing both early study recruitment (Ͻ12 h age) and an open lung volume strategy (10) . Changes in lung volume will influence the mechanical behavior of the respiratory system and have been shown to have consequences for transmission of both pressure and volume in the excised lungs of healthy rabbits during oscillation with HFOV (11). We asked, therefore, how the different mechanical parameters of the intubated respiratory system might influence the magnitude of the cyclic distending pressures within the preterm lung.
MATERIALS AND METHODS

Study design.
A computer model was used to systematically evaluate the effect of changes in the mechanical properties of the intubated respiratory system on both V T and the cyclic fluctuations in the intrapulmonary pressure waveforms during HFOV. The impact of low lung compliance on the transmission of pressure amplitude to the trachea and the alveolar compartment was studied in the surfactant-deficient, structurally immature preterm ovine lung.
Computer simulations and analysis. The computer model is a simple lumped system driven by an oscillatory pressure waveform applied to the airway opening (Fig. 1) . The system includes two parallel alveolar compartments having a compliance (C 1 or C 2 ), each associated with a peripheral resistance (R 1 or R 2 , respectively). A central airway with mechanical properties that incorporate an inertance (I), compliance (C g ), and a resistance (R c ) connects R 1 and R 2 to the tracheal opening. A flow-dependent resistance was included between the central airway compartment and the airway opening to account for the resistive effects of turbulent flow through the TT, such that R TT ϭ k 1 ϩ k 2 |V'| where |V'| is the absolute flow. The equations solved by the model at each time step are identical to those described by Bates et al. (12) , with the exception that the flow-dependent resistance is substituted for the linear resistance between the airway opening and the proximal compliance.
The oscillatory driving pressure (P ao ) used in the simulations was recorded at the airway opening of an in vitro lung model similar to that described by Fredberg et al. (13) , using a gauge pressure transducer (TG-40, SCIREQ Scientific Respiratory Equipment Inc., Montreal, Quebec, Canada), which has a flat frequency response to 1 kHz, and a SensorMedics 3100A high-frequency oscillator (SensorMedics Corporation, Yorba Linda, CA, U.S.A.) set to deliver HFOV at 15 Hz, 33% inspiratory time, and a ventilator-displayed amplitude (⌬P vent ) of 40 cm H 2 O. The waveform was sampled at 2 kHz and filtered at 500 Hz (LABDAT, RHT-InfoDat, Inc., Montreal, Quebec, Canada). A set of baseline conditions was established for the mechanical properties of the intubated neonatal respiratory system, as defined in Table 1 . Values for the constants k 1 and k 2 for the nonlinear resistance of TT of varying ID and cut lengths during both inspiration and expiration were assigned using the data published by Sly et al. (14) . The compliance of the central airways and proximal compartment (C g ) was assigned as 0.01 mL/cm H 2 O, representing a gas volume of approximately 10 mL for equipment and physiologic dead space (13) . Values for I, and the total compliance of the parallel compartments (C ϭ C 1 ϩC 2 ) were 0.28 cm H 2 O·s 2 /L and 0.5 mL/cm H 2 O, respectively, both of which were within the ranges of values reported by Dorkin et al. (15) for neonates ventilated for moderately severe respiratory disease. Similarly, the total linear resistance was assigned a nominal value of 28.5 cm H 2 O·s/L, also within the range reported by Dorkin et al. (15) . This was primarily apportioned to the peripheral airways (R p ϭ 27.5 cm H 2 O·s/L), with minimal resistance attributed to the short tracheal section between the tip of the TT and the carinal junction (R c ϭ 1 cm H 2 O·s/L).
Using the P ao waveform and the nominal mechanical characteristics of the model, we computed the oscillatory flow waveform (V') and the oscillatory pressure waveform gener- ated at both the junction of the parallel compartments (P tr ), and within each of the alveolar compartments (P A1 and P A2 ). The flow waveform was numerically integrated to obtain V T , and the pressure waveforms were separately analyzed to obtain values for the amplitude (⌬P tr and ⌬P A ). The output parameter values obtained under baseline conditions were initially compared with those obtained using the same shape and amplitude P ao waveform, the sampling characteristics of which were altered to reflect a ventilator frequency of 1 Hz.
Additional simulations were undertaken to systematically examine the effect on both V T and ⌬P tr and ⌬P A by independently varying each of the mechanical parameters of the computer model across a range of clinically relevant values for I, C g , R c , C, and R p ( Table 1) while maintaining other parameters at baseline values. The total alveolar compartment compliance (C) and peripheral airways resistance (R p ) were calculated such that:
(1)
The effects of changes in the nonlinear resistance associated with TT of varying length and ID were also simulated by altering both k 1 and k 2 during inspiration and expiration to include the ranges of values published by Sly et al. (14) for TT of four different ID (2.5-4.0 mm) and five different lengths (8.5, 9.5, 10.5, 12.5, and 14.5 cm). Simulations were initially performed in the homogeneous state (C 1 ϭ C 2 and R 1 ϭ R 2 ). Computations were also performed for different ratios of C 1 :C 2 and R 1 :R 2 to reflect varying degrees of heterogeneous lung disease ( Table 2) . The values for C and R p were maintained at the nominal state (0.4 mL/cm H 2 O and 27.5 cm H 2 O·s/L, respectively) for each different combination of C 1 and C 2 , or R 1 and R 2 . Values for V T and the amplitudes of the pressure waveforms in the distal trachea and each alveolar compartment were compared with those obtained in the nominal homogeneous condition. In each case, the model was run for 1 s to reach a steady state, after which 1-s sections of data were isolated for analysis.
All data analyses were performed using ANADAT data analysis software (RHT-InfoDat Inc.).
Ovine model of surfactant deficient, immature lung. Cesarean section was performed on 11 date-mated Merino ewes at 126.9 d Ϯ 2.8 d (mean Ϯ SD) gestation (term ϭ 150 d). Lambs were sedated and delivered after tracheostomy as described previously (16) . Each lamb was weighed (2.79 kg Ϯ 0.47 kg) and immediately commenced on HFOV (SensorMedics 3100A) with initial settings of 1.0 FiO 2 , 45 cm H 2 O amplitude, 20 cm H 2 O MAwP, 15 Hz, and 33% inspiratory time. Ventilator amplitude settings were adjusted according to arterial blood gases obtained from an umbilical arterial catheter to achieve PCO 2 in the range of 50 -60 mm Hg while MAwP was adjusted as required to achieve a PO 2 Ͼ 400 mm Hg. After initial stabilization, a thoracotomy was performed to permit measurement of alveolar pressure (P A ) from the lingular lobe using the alveolar capsule technique (17) . Thereafter, the lung was visually inspected to ensure optimal lung inflation was maintained with appropriate further adjustments made to the MAwP as required.
Ultraminiature piezoresistive transducers (model 8507C-2, Endevco, San Juan Capistrano, CA, U.S.A.) were used to measure both P A and pressure at the airway opening (P ao ). Tracheal pressure was measured using a microtransducer (Codman/Johnson & Johnson, Raynham, MA, U.S.A.) positioned 2 cm beyond the distal tip of the TT. Flow during HFOV was measured using a hot-wire anemometer (Florian, Acutronic Medical Systems AG, Hirzel, Switzerland) placed between the distal end of the patient circuit and the TT. Partitioned lung mechanics were evaluated in the lambs at 1 h of age using a modification of the low-frequency forced oscillation technique as described previously (18) . C ti was calculated from the coefficients of G and H determined from the forced oscillatory impedance data (19) as follows:
Where ϭ 2f, ␣ ϭ 2 arctan ͩ H G ͪ and f is the ventilation frequency (15Hz).
RESULTS
Homogeneous computer lung model. At nominal ventilator settings (15 Hz, 33% IT, ⌬P vent 40 cm H 2 O) and mechanical parameters (Table 1) , the V T was 3.4 mL, and there was significant damping of the P ao waveform, with 24.2% transmission of ⌬P ao to ⌬P tr (⌬P tr /⌬P ao ), and 14.5% transmission of ⌬P ao to P A (⌬P A /⌬P ao ). In contrast, the use of the same waveform at a more conventional frequency (1 Hz) produced a significantly larger V T (14.5 mL) and a higher transmission of the ⌬P ao to both P tr (64%) and P A (62.5%).
Increasing the resistance of the TT by altering the k 1 and k 2 values to simulate an increasing TT length from 8.5 cm to 14.5 cm increased resistance in the 2.5 mm ID TT from 110.2 cm H 2 O·s/L to 132.6 cm H 2 O·s/L with consequent small reductions in both V T and both ⌬P tr /⌬P ao and ⌬P A /⌬P ao . In contrast, changes to k 1 and k 2 representative of changes in the ID of the TT from 4.0 mm to 2.5 mm had a much greater effect on the TT Table 2 . Parameters for heterogeneous parallel compartment simulations 2A) . Negligible changes were observed in V T , ⌬P tr /⌬P ao , or ⌬P A /⌬P ao after an increase in the compliance of the central compartment (Fig. 2B) , inertance (Fig. 2C) , or central linear resistance (R c ) (Fig. 2D) . Increasing the total resistance of the peripheral airways from 10 to 100 cm H 2 O·s/L effected a moderate linear decrease in both V T and ⌬P A /⌬P ao , whereas ⌬P tr /⌬P ao increased (Fig. 2E) . Decreasing alveolar compartment compliance from 2 mL/cm H 2 O to 0.25 mL/cm H 2 O had a significant effect on ⌬P A /⌬P ao , which increased from 2.35% to 17.7%, with an accompanying increase in ⌬P tr /⌬P ao from 10.1% to 21.2%. V T was essentially unchanged over this range, apart from small reductions in V T at very low compliance (Fig.  2F) . The pressure amplitude cost of ventilation in the trachea (⌬P tr /f·V T 2 ) was markedly influenced by the balance between the resistance and compliance of the peripheral lung compartment (Fig. 3 ). In the highly compliant lung (C ϭ 2 mL/cm H 2 O), transmission of airway opening pressure to the trachea was least at a frequency of 5 Hz, with the difference in pressure transmission between low (10 cm H 2 O·s/L) and high (75 cm H 2 O·s/L) resistance simulations increasing with increasing frequency. In contrast, in the poorly compliant lung (C ϭ 0.2 mL/cm H 2 O), a clear nadir is observed at 9 Hz for the high-resistance simulations, whereas the substitution of lowerresistance values shifts causes this nadir to occur at a higher frequency. The alveolar pressure cost of ventilation was most influenced by frequency in the simulations performed using the lowest compliance (C ϭ 0.2 mL/cm H 2 O). Unlike the pressure cost of ventilation in the trachea, however, the frequency at which the alveolar pressure cost of ventilation was lowest was not markedly affected by the level of R p , within the ranges used for these simulations.
Heterogeneous lung model. V T decreased and there was an exponential decrease in the magnitude of ⌬P A1 compared with ⌬P a2 as the ratio of the time constants of the two parallel compartments ( 1 / 2 ) increased (Fig. 4) . In the special case where there was heterogeneity of both compliance and resistance but no difference between the time constants of the two compartments ( 1 / 2 ϭ 1), ⌬P A1 and ⌬P A2 were identical.
Pressure transmissions predicted from lamb impedance measurements. Figure 5 illustrates the relationship between the percentage transmission of the oscillatory pressure amplitude from the airway opening to the trachea and the alveolar compartment and its relationship to the mechanical properties of the lung at 15 Hz. Transmission to the alveolar compartment increased as the tissue compliance (C ti ) decreased (p Ͻ 0.001).
DISCUSSION
The computer simulations and in vivo study described above have demonstrated the importance of considering the mechanical properties of the lung when assessing the exposure of the airways and the tissues to potential barotrauma during HFOV. It shows that during HFOV, TT ID and lung compartment compliance are the principal respiratory system determinants of ⌬P A and ⌬P tr (Fig. 2, A and F) , while ⌬P tr may also be significantly influenced by changes in peripheral resistance (Fig. 2C) . The balance between peripheral resistance and compliance may be a critical determinant of the frequency at which pressure cost to the central airways is minimized (Fig. 3) . The simulation of heterogeneous lung disease showed that intrapulmonary pressure amplitudes are greater in the compartment with the smaller time constant (Fig. 4) . The clinical relevance of these findings was supported by the investigations in the preterm lamb model (Fig. 5) , demonstrating the increased pressure cost of ventilation to alveolar compartment associated with reduction in tissue compliance.
Computer simulations used ventilatory parameters that were chosen to reflect the settings commonly used at the commencement of HFOV in a neonate with moderately severe hyaline membrane disease. A ventilator P ao amplitude of 40 cm H 2 O is reported as a common initial ventilator setting (20) . Given the higher percentage transmission of ⌬P ao to the lung in the poorly compliant lung, the application of HFOV in this scenario may be associated with at least moderate intrapulmonary pressure amplitudes, despite minimizing V T . Similarly, although a range of frequencies are used during HFOV, the choice of 15 Hz as the nominal frequency for simulations reflected the commonality of this setting to most of the commercially available HFO ventilators. When a lower frequency is used, the transmission of pressure to both the tracheal and alveolar compartments will be higher than shown in this study.
There have been relatively few computer models that have specifically examined the factors influencing the amplitude of the intrapulmonary pressure waveforms during HFOV (4, (21) (22) (23) (24) . Although Jackson et al. (23) observed resonant amplification within the lung periphery at particular frequencies in a model of the canine lung, their studies did not investigate how altering the mechanics may affect the magnitude of the pressure waveforms at any one frequency. The prediction of optimal gas exchange with minimal alveolar pressure fluctuations at frequencies between 1 and 4 Hz in the computer models used by Ghazanshahi and Khoo (22) and Khoo et al. (25) contrasts dramatically with the experimental data in normal healthy animals (1, 11) . The most likely explanation for their predictions lies in the construction of the models, as neither considered the effect of nonlinear flow resistance through the TT during HFOV (26) . More recently, van Genderingen et al. (4) have used a computer model incorporating a nonlinear TT resistance and showed marked reduction in pressure transmission to the distal end of the TT, with increasing compliance during alveolar recruitment. Similar findings have been observed by Pillow et al. (5) in an in vitro lung model. Both of these latter studies use single-compartment models that oversimplify the more common clinical scenario of intra-and interregional atelectasis and limit their analysis to either the changes in pressure at the distal tip of the TT (4), or to within the lung model itself (5). The current study thus has the advantage over previous lung models of including pressure from both the tracheal and alveolar compartment and using a parallel compartment model to examine the effect of heterogeneous lung disease. Although, unlike the models of van Genderingen et al. (4) and Venegas and Fredberg (27) , the current study did not model lung volume recruitment per se, an awareness of changes in resistance and compliance as the lung size changes from under-to overdistension provides a means of applying these findings to the clinical setting.
The airway compartment beyond the tip of the TT comprised an inertance, a proximal resistance, and a central compliance. During conventional ventilation in intubated neonates, approximately 90% of the respiratory system inertance may be contained within the TT (15) . At higher frequencies, however, such as those used during HFOV, inertance plays a significant role in reducing the amplitude of the oscillatory pressure waveforms as it passes from the airway opening through the TT and the proximal airways compartment. Values of I have not been published for the different TT. Although the nominal value used in this study represents an average value derived from a group of infants with an average weight of 1.9 Ϯ 0.3 kg and may underestimate the inertance of the extremely low birthweight neonate intubated with a 2.5-mm TT, increasing the inertance to the highest value measured by Dorkin et al. (15) in their group of infants with moderately severe respiratory distress had minimal impact on the amplitudes of ⌬P tr and ⌬P A .
The central compliance, C g was included in the model to account for the compliant properties of the extrapulmonary airways. The nominal value of 0.01 mL/cm H 2 O primarily represents the compressibility of gas in the anatomical dead space and presumes that using a high-volume strategy results in essentially rigid walls of the proximal airway and TT (28) . Our computations showed that increasing C g to reflect the increased compliance of airway walls that may be evident at suboptimal MAwP had essentially no effect on the amplitude of the intrapulmonary pressure wave.
The resistances of the central airways and peripheral airway compartments beyond the TT were considered constant, reflecting laminar rather than turbulent flow. This may represent an oversimplification of the biologic state, as flow may be turbulent in the first few generations of the bronchial tree (29) . As the diameter of the TT is likely to be smaller than most of the most proximal airways, however, the contribution of central airways to the overall nonlinear system resistance is negligible. The inclusion of a linear rather than a nonlinear resistance at this level is unlikely to have a major effect on the magnitude of intrapulmonary distending pressures (⌬P tr and ⌬P A ). Dorkin et al. (15) measured an average airways resistance of 28.5 cm H 2 O·s/L, obtained after subtracting the contribution of the TT. Little information is available to guide the division of this resistance into contributions of the central (R c ) and peripheral (R p ) airway compartments. We applied a nominal resistance to the peripheral airways of 27.5 cm H 2 O·s/L, which was an order of magnitude higher than the central airways resistance (1 cm H 2 O·s/ L), consistent with the approach used by Bates et al. (12) in their modeling studies. Although increasing the peripheral resistance effected a reduction in both V T and the magnitude of the alveolar pressure swings, it created higher pressure swings in the more proximal airways. This suggests that the delivery of HFOV in the presence of significant small airways disease may result in barotrauma in the more proximal airway compartments, even at low V T .
Venegas and Fredberg (27) have published a detailed modeling analysis of the cost of flow and pressure during highfrequency ventilation. Among other factors, they examined how both airway resistance and compliance might impact the optimal ventilation frequency for use during HFOV, observing that reduced compliance shifted the optimal frequency higher, whereas increased resistance altered the minimum pressure cost to a lower frequency. The variables they used for their simulations reflected a relatively high compliance for neonatal respiratory distress syndrome (1.5 mL/cm H 2 O), whereas the lung resistance did not include a flow-dependent term. Although our study describes the cost-per-unit ventilation rather than per-unit flow, our results are similar and highlight the Heterogeneity was introduced by creating unequal resistance and compliance in each parallel lung compartment (R 1 R 2 ) and (C 1 C 2 ) while maintaining total peripheral compliance (C) and resistance (R p ) at nominal values (0.4 mL/cm H 2 O and 27.5 cm H 2 O s/L, respectively) for each combination of R 1 C 1 . and R 2 C 2 . As 1 lengthened relative to 2 , ⌬P A1 decreased compared with ⌬P A2 . Where heterogeneity existed but 1 ϭ 2 , no difference was observed between ⌬P A1 and ⌬P A2 . Triangles ϭ ⌬P A1 /⌬P A2 ; squares ϭ V T . Figure 5 . Effect of lung compliance on pressure transmission during HFOV in the preterm lamb. The percent transmission of the oscillatory pressure waveform from the airway opening to the alveolar compartment in relation to specific tissue compliance. Specific tissue compliance (C ti,sp ) was calculated from the coefficients of tissue damping and elastance at a frequency of 15 Hz using equation 3. Measurements were corrected for differences in birth weight. 543 importance of measures of peripheral lung mechanics when determining optimal ventilation frequency.
The combination of heterogeneous lung disease and HFOV may create large differences in phasic peak-to-trough distending pressures between diseased versus more normally aerated regions. In considering both the results obtained from our model study and those observed by van Genderingen et al. (4) , it is likely that the scenario of small ⌬P A in well-aerated areas compared with high ⌬P A in atelectatic regions could be reversed as the healthy lung units are overdistended in the process of recruiting poorly aerated zones.
Although Frantz and Close (1) clearly demonstrated the potential of HFOV to reduce both barotrauma and volutrauma, their studies were performed in healthy adult rabbits. Kamitsuka et al. (3) used alveolar capsules to measure alveolar pressure during HFOV in rabbits before and after saline lavage. Although the experiments were primarily designed to determine whether there are ventilator settings that optimize gas exchange during HFOV, their results suggested a difference between the cyclical distending pressure in the lung after saline lavage compared with pressures recorded in the healthy state. Our computer simulations and in vivo measurements confirm these findings and the results of our recent in vitro experiments (5), showing that the alveolar pressure amplitudes in the structurally and functionally preterm lung are likely to be substantially higher than those observed during experiments in healthy animals. In the case of severe respiratory disease, when these pressure amplitudes are superimposed on moderately high MAwP, peak pressures may approach those generated during conventional ventilation. In the homogeneously diseased lung, maneuvers that increase compliance and minimize peripheral resistance, such as exogenous surfactant administration and volume recruitment, may be paramount to minimizing the exposure of immature lung architecture to excessive pressure stress.
CONCLUSIONS
In summary, the combined computer simulations and in vivo experimental findings of this study provide strong evidence of the impact that the mechanical characteristics of the intubated respiratory system may have on the cyclical changes in pressure to which both the proximal airways and the peripheral lung are exposed. The effect of the TT on the damping of the pressure waveform has been widely acknowledged. However, clinicians need to be aware that reduced compliance may markedly increase the transmission of the driving pressure amplitude from the airway opening to the alveolar compartment. Likewise, awareness also needs to be raised with regard to the potentially increased pressure transmission to alveolar units surrounding the central airways that might occur in the presence of increased peripheral resistance. Whereas, in healthy subjects, HFOV promotes effective ventilation at low V T and low alveolar pressure amplitudes, these findings suggest that the use of HFOV to protect the preterm infant with respiratory disease from volutrauma needs to be coupled with judicious selection of ventilator parameters and strategies that optimize respiratory mechanics to simultaneously safeguard the lung from highly repetitive barotrauma.
